Temperature-induced dissociation of protein aggregates: accessing the denatured state.
The thermal denaturation of lysozyme and ribonuclease A (RNase A) under reducing and nonreducing conditions at neutral pH has been monitored by Fourier transform infrared spectroscopy. In the absence of the reductant, lysozyme and RNase A undergo apparent three- and two-state denaturation, respectively, as observed from the conformation-sensitive amide I' band. For both proteins the hydrogen-deuterium exchange takes place at lower temperatures than the main denaturation temperatures, suggesting that a transient denaturation mechanism occurs. The observed transition at 51.2 degrees C during the denaturation of lysozyme is attributed to this transient effect, rather than to the loss of tertiary structure. Under reducing conditions lysozyme aggregates during the heating phase, whereas RNase A shows only a minor aggregation, which further increases during the cooling step. The reduced stability of both proteins can be correlated with the transient denaturation behavior, which is also suggested to be involved in protein aggregation at physiologically relevant temperatures. In addition, it is shown that when the temperature is further increased, the amorphous aggregates dissociate. Comparison of the dissociated states with the denatured states obtained under nonreducing conditions indicates that these states have the same conformation. By using a two-dimensional correlation analysis we were able to show that the dissociation is preceded by a conformational change. It is argued that this extends to other types of perturbation.